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(54) Apparatus and method for adjusting saturation of color image 



(57) An apparatus and method for adjusting tine sat- 
uration of a color image are provided. In the saturation 
adjusting apparatus and method, a saturation value for 
each of pixels of an input image is calculated, and a peak 
saturation value and a mean saturation value of the in- 
put image are calculated using the saturation values of 
the pixels. A peak gain value based on the peak satu- 



ration value and a mean gain based on the mean satu- 
ration value are calculated. A local gain value is calcu- 
lated using the mean gain value and the saturation val- 
ues of the pixels. A pattern gain value for a test pattern 
image and a color gain value for a skin color image are 
also considered to adaptively adjust the saturation of the 
Input Image. 
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Description 

[0001] The present invention relates to an apparatus and method for adjusting the saturation of a color innage, and 
more particularly, to an apparatus and method for adjusting the color saturation of an input image in a digital TV, photo- 
5 shop, digital camera, camcoder, and computer-based image processor to provide a quality image to a user. 

[0002] A conventional image processor increases the saturation of an input image irrespective of the characteristic 
of the input image. As an example, when the background saturation is increased in a TV screen, the saturation of a 
facial image of persons is also increased, so that the persons appear unnatural due to the supersaturation of the skin 
color. 

10 [0003] A conventional image enhancement system processes input data without considering whether or not the input 
data is a kind of a test pattern image, thereby making it difficult to control the quality of the image to be displayed on 
a particular display. 

[0004] Accordingly, It is an object of the present invention to provide an apparatus and method for adaptlvely adjusting 
the saturation of an input color image in consideration of the characteristic of the input color image. 
15 [0005] It is another object of the present invention to provide an apparatus and method for selectively adjusting the 
saturation in a particular region of an input image while maintaining the skin color in the input image, thereby providing 
a user with natural color impression. 

[0006] It Is another object of the present invention to provide an apparatus and method for adaptively adjusting the 
saturation of a color image, in which when a test pattern Image is input, the saturation adjustment is bypassed to enable 

20 quality control of the image to be displayed on a particular display. 

[0007] In one aspect, the present invention provides an apparatus for adjusting the saturation of a color image, 
comprising: a saturation calculator whjch calculates a saturation value for each of pixels of an input image; a peak 
saturation calculator which determines a peak saturation value of the input image using saturation values calculated 
by the saturation calculator; a peak gain calculator which calculates a peak gain value based on the peak saturation 

25 value determined by the peak saturation calculator; and a saturation adjuster which adaptively adjusts the saturation 
of the input image using the peak gain value calculated by the peak gain calculator. 

[0008] Alternatively, the present invention provides an apparatus for adjusting the saturation of a color image, com- 
prising: a saturation calculator which calculates a saturation value for each of pixels of an input image; a peak saturation 
calculator which determines a peak saturation value of the input image using the saturation values calculated by the 
30 saturation calculator; a peak gain calculator which calculates a peak gain value based on the peak saturation value 
determined by the peak saturation calculator; a pattern gain calculator which detennines whether or not the input Image 
is a predetennined pattern image and calculates a pattem gain value for the predetermined pattern image depending 
on whether the Input Image is determined as the predetennined pattern image; and a saturation adjuster which adap- 
tively adjusts the saturation of the input image using the peak gain value calculated by the peak gain calculator and 
35 the pattern gain value calculated by the pattern gain calculator. 

[0009] The present Invention also provides an apparatus for adjusting the saturation of a color image, comprising: 
a saturation calculator which calculates a saturation value for each of pixels of an input image; a peak saturation 
calculator which determines a peak saturation value of the input image using saturation values calculated by the sat- 
uration calculator; a peak gain calculator which calculates a peak gain value based on the peak saturation value de- 
40 termined by the peak saturation calculator; a color gain calculator which detennines whether each of the pixels of the 
Input image belongs to a predetermined color region and calculates a color gain value for a pixel depending on whether 
the pixel belongs to the predetennined color region; and a saturation adjuster which adaptively adjusts the saturation 
for each of the pixels of the input Image using the peak gain value calculated by the peak gain calculator and the color 
gain value calculated by the color gain calculator. 
45 [0010] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
saturation calculator which calculates a saturation value for each of pixels of an input image; apeak saturation calculator 
which determines a peak saturation value of the input image using saturation values calculated by the saturation cal- 
culator; a peak gain calculator which calculates a peak gain value based on the peak saturation value determined by 
the peak saturation calculator; a pattem gain calculator which determines whether or not the input image is a prede- 
50 termined pattem image and calculates a pattern gain value depending on whether the input image is detemriined as 
the predetermined pattern image; a color gain calculator which determines whether each of the pixels of the input 
image belongs to a predetennined color region and calculates a color gain value for a pixel depending on whether the 
pixel belongs to the predetennined color region; and a saturation adjuster which adaptively adjusts the saturation for 
each of the pixels of the input Image using the peak gain value calculated by the peak gain calculator, the pattern gain 
value calculated by the pattern gain calculator, and the color gain value calculated by the color gain calculator. 
[0011] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
saturation calculator which calculates a saturation value for each of pixels of an input image; a mean saturation cal- 
culator which calculates a mean saturation value of the input Image using saturation values calculated by the saturation 
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calculator; a mean gain calculator which calculates a mean gain value based on the mean saturation value calculated 
by the mean saturation calculator; and a saturation adjuster which calculates a local gain value for each of the pixels 
using the mean gain value calculated by the mean gain calculator and the saturation values calculated by the saturation 
calculator and adaptively adjusts the saturation of each of the pixels of the input image using the local gain value. 
5 [0012] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
saturation calculator which calculates a saturation value for each of pixels of an input image; a mean saturation cal- 
culator which calculates a mean saturation value of the input image using saturation values calculated by the saturation 
calculator; a mean gain calculator which calculates a mean gain value based on the mean saturation value calculated 
by the mean saturation calculator; a pattern gain calculator which detemnines whether or not the input image is a 

10 predetermined pattern image and calculates a pattern gain value depending on whether the input image is determined 
as the predetermined pattern image; and a saturation adjuster which calculates a local gain value for each of the pixels 
using the mean gain value calculated by the mean gain calculator and the saturation values calculated by the saturation 
calculator and adaptively adjusts the saturation of each of the pixels of the input image using the local gain value and 
the pattern gain value calculated by the pattern gain calculator. 

15 [0013] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
saturation calculator which calculates a saturation value for each of pixels of an input image; a mean saturation cal- 
culator which calculates a mean saturation value of the input image using saturation values calculated by the saturation 
calculator; a mean gain calculator which calculates a mean gain value based on the mean saturation value calculated 
by the mean saturation calculator; a color gain calculator which determines whether each of the pixels of the input 

20 image belongs to a predetennined color region and calculates a color gain value for a pixel depending on whether the 
pixel belongs to the predetermined color region; and a saturation adjuster which calculates a local gain value for each 
of the pixels using the mean gain value calculated by the mean gain calculator and the saturation values calculated 
by the saturation calculator and adaptively adjusts the saturation of each of the pixels of the input image using the local 
gain value and the color gain value calculated by the color gain calculator 

25 [0014] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
saturation calculator which calculates a saturation value for each of pixels of an Input image; a mean saturation cal- 
culator which calculates a mean saturation value of the input image using saturation values calculated by the saturation 
calculator; a mean gain calculator which calculates a mean gain value based on the mean saturation value calculated 
by the mean saturation calculator; a pattern gain calculator which detennines whether or not the input image is a 

30 predetennined pattern image and calculates a pattern gain value depending en whether the input image is determined 
as the predetermined pattern image; a color gain calculator which detennines whether each of the pixels of the input 
image belongs to a predetennined color region and calculates a color gain value for a pixel depending on whether the 
pixel belongs to the predetermined color region; and a saturation adjuster which calculates a local gain value for each 
of the pixels using the mean gain value calculated by the mean gain calculator and the saturation values calculated 

35 by the saturation calculator and adaptively adjusts the saturation of each of the pixels of the input image using the local 
gain value, the pattern gain value calculated by the pattern gain calculator and the color gain value calculated by the 
color gain calculator. 

[0015] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
saturation calculator which calculates a saturation value for each of pixels of an input image; a peak saturation calculator 

40 which determines a peak saturation value of the input image using saturation values calculated by the saturation cal- 
culator; a peak gain calculator which calculates a peak gain value based on the peak saturation value determined by 
the peak saturation calculator; a mean saturation calculator which calculates a mean saturation value of the input 
image using the saturation values calculated by the saturation calculator; a mean gain calculator which calculates a 
mean gain value based on the mean saturation value calculated by the mean saturation calculator; and a saturation 

45 adjuster which calculates a local gain value for each of the pixels using the mean gain value calculated by the mean 
gain calculator and the saturation values calculated by the saturation calculator-and adaptively adjusts the saturation 
of each of the pixels of the input image using the local gain value and the peak gain value calculated by the peak gain 
calculator 

[0016] The present invention provides an apparatus for adjusting the saturation of a color image, comprising: a 
50 saturation calculator which calculates a saturation value for each of pixels of an input image; a peak saturation calculator 
which determines a peak saturation value of the input image using saturation values calculated by the saturation cal- 
culator; a peak gain calculator which calculates a peak gain value based on the peak saturation value determined by 
the peak saturation calculator; a mean saturation calculator which calculates a mean saturation value of the input 
image using the saturation values calculated by the saturation calculator; a mean gain calculator which calculates a 
55 mean gain value based en the mean saturation value calculated by the mean saturation calculator; a pattern gain 
calculator which determines whether or not the input Image is a predetennined pattern image and calculates a pattern 
gain value depending on whether the input image is detemnined as the predetermined pattern image; and a saturation 
adjuster whrch calculates a local gain value for each of the pixels using the mean gain value calculated by the mean 
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gain calculator and the saturation values calculated by the saturation calculator and adaptively adjusts the saturation 
of each of the pixels of the input image using the local gain value, the peak gain value calculated by the peak gain 
calculator, and the pattern gain value calculated by the pattern gain calculator. 

[0017] The present invention provides an apparatus for adjusting the saturation of a color image comprisinq- a 
saturation calculator which calculates a satu ration value for each of pixels of an input image; a peak saturation calculator 
which determines a peak saturation value of the input image using saturation values calculated by the saturation cal- 
culator; a peak gain calculator which calculates a peak gain value based on the peak saturation value determined by 
the peak saturation calculator; a mean saturation calculator which calculates a mean saturation value of the input 
image using the saturation values calculated by the saturation calculator; a mean gain calculator which calculates a 
mean gam value based on the mean saturation value calculated by the mean saturation calculator- a color gain cal- 
cu ator which determines whether each of the pixels of the input image belongs to a predetennined color region and 
calculates a color gain value for a pixel depending on whether the pixel belongs to the predetennined color region- 
and a saturation adjuster whfch calculates a local gain value for each of the pixels using the mean gain value calculated 
by the mean gain calculator and the saturation values calculated by the saturation calculator and adaptively adjusts 
the saturation of each of the pixels of the input image using the local gain value, the peak gain value calculated by the 
peak gam calculator, and the color gain value calculated by the color gain caksulator. 

10018] The present invention also provides an apparatus for adjusting the saturation of a color image comprisinq 
a saturation calculator which calculates a saturation value for each of pixels of an input image; a peak saturation 
calculator which determines a peak saturation value of the input image using saturation values calculated by the sat- 
uration calculator; a peak gain calculator which calculates a peak gain value based on the peak saturation value de- 
termined by the peak saturation calculator; a mean saturation calculator whk;h calculates a mean saturation value of 
the input image using the saturation values calculated by the saturation cateulator; a mean gain calculator which cal- 
culates a mean gain value based on the mean saturation value calculated by the mean saturation calculator a pattern 
gam calculator which determines whether or not the input image is a predetermined pattern image and calculates a 
pattem gam value depending on whether the input image is determined as the predetennined pattem image- a color 
gam calculator which determines whether each of the pixels of the input Image belongs to a predetennined color region 
and calculates a color gain value for a pixel depending on whether the pixel belongs to the predetennined color region- 
and a saturation adjuster which calculates a local gain value for each of the pixels using the mean gain value calculated 
by the mean gam calculator and the saturation values calculated by the saturation calculator and adaptively adjusts 
the saturation of each of the pixels of the input image using the local gain value, the peak gain value calculated by the 
peak gam calculator, the pattem gain value cateulated by the pattem gain cateulator, and the color gain value calculated 
by the color gain calculator. 

[0019] According to the present invention there is provided a method for adjusting the saturation of a color Imaqe 
corresponding to the apparatus claims 1 to 41 . 

[0020] In another aspect, the present invention provides a method for adjusting the saturation of a color image 
comprising: (a) calculating a saturation value for each of pixels of an input image; (b) determining a peak saturation 
value of the input image using saturation values calculated in (a); (c) calculates a peak gain value based on the cal- 
culated peak saturation value calculated detemiined in (b); and (d) adaptively adjusting the saturation of the input 
image using the peak gain value calculated in (c). 

[0021] An altematlve method for adjusting the saturation of a color image according to the present invention com- 
prises: (a) calculating a saturation value for each of pixels of an input image; (b) detennining a peak saturation value 
of the input image using saturation values calculated in (a); (c) calculating a peak gain value base on the peak saturation 
value determined in (b); (c2) determining whether or not the input image is a predetennined pattem image and calcu- 
lating a pattem gain value depending on whether the input image is determined as the predetennined pattem image- 
and (d) adaptively adjusting the saturation of the input image using the peak gain value calculated in (c) and the pattern 
gam value calculated in (c2). 

[0022] The present invention also provides a method for adjusting the saturation of a color Image, comprisinq (a) 
calculating a saturation value for each of pixels of an input image; (b) determining a peak saturation value of the input 
image based on saturation values calculated in (a); (c) calculating a peak gain value based on the peak saturation 
va ue determined in (b); (c3) determining whether each of the pixels of the input image belongs to a predetermined 
CO or region and calculating a color gain value for a pixel depending on whether the pixel belongs to the predetermined 
color region; and (d) adaptively adjusting the saturation of the input image using the peak gain value calculated in (c) 
and the color gain value calculated in (c3). 

[0023] The present Invention also provides a method for adjusting the saturation of a color image comprising- (a) 
calculating a saturation value for each of pixels of an input image; (b) determining a peak saturation value of the input 
image based on saturation values calculated in (a); (c) calculating a peak gain value based on the peak saturation 
value detemnined in (b); (c2) determining whether or not the input image is a predeteimined pattem image and calcu- 
lating a pattem gain value depending on whether the input image is detennined as the predetermined pattern image- 
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(c3) determining whether each of the pixels of the input image belongs to a predetermined color region and calculating 
a color gain value for a pixel depending on whether the pixel belongs to the predetermined color region; and (d) adap- 
tlvely adjusting the saturation of the Input Image using the peak gain value calculated in (c), the pattern gain value 
calculated in (c2), and the color gain value calculated in (c3). 

5 [0024] The present invention provides a method for adjusting the saturation of a color image, comprising: (a) calcu- 
lating a saturation value for each of pixels of an input image; (b1) determining a mean saturation value of the input 
image using saturation values calculated in (a); (c1 ) calculating a mean gain value based on the mean saturation value 
calculated in (b1); and (d) calculating a local gain value for each of the pixels using the mean gain value obtained In 
(c1 ) and the saturation values calculated in (a) and adapttvely adjusting the saturation of each of the pixels of the input 

10 image using the local gain value. 

[0025] The present invention also provides a method for adjusting the saturation of a color image, comprising: (a) 
calculating a saturation value for each of pixels of an input image; (b1) determining a mean saturation value of the 
Input Image using saturation values calculated in (a); (c1 ) calculating a mean gain value based on the mean saturation 
value calculated in (b1); (c2) determining whether or not the input image is a predetermined pattern image and calcu- 

is lating a pattern gain value depending on whether the input image is determined as the predetennined pattern image; 
and (d) calculating a local gain value for each of the pixels using the mean gain value obtained in (c1 ) and the saturation 
values calculated in (a) and adaptively adjusting the saturation of each of the pixels of the input image using the local 
gain value and the pattern gain value calculated in (c2). 

[0026] The present invention also provides a method for adjusting the saturation of a color image, comprising: (a) 
20 calculating a saturation value for each of pixels of an input image; (b1) determining a mean saturation value of the 
input image using saturation values calculated in (a); (c1 ) calculating a mean gain value based on the mean saturation 
value calculated in (b1); (c3) determining whether each of the pixels of the input image belongs to a predetermined 
color region and calculating a color gain value for a*pixel depending on whether the pixel belongs to the predetermined 
color region; and (d) calculating a local gain value for each of the pixels using the mean gain value obtained in (c1) 
25 and the saturation values calculated in (a) and adaptively adjusting the saturation of each of the pixels of the input 
image using the local gain value and the color gain value calculated in (c3). 

[0027] Alternatively, the present invention provides a method for adjusting the saturation of a color image, comprising: 
(a) calculating a saturation value for each of pixels of an input image; (b1 ) calculating a mean saturation value of the 
input image using saturation values calculated in (a); (c1 ) calculating a mean gain value based on the mean saturation 

30 value calculated in (b1 ); (c2) determining whether or not the input image is a predetennined pattern image and calcu- 
lating a pattern gain value depending on whether the input image is determined as the predetemnined pattern image; 
(c3) determining whether each of the pixels of the input image belongs to a predetermined color region and calculating 
a color gain value for a pixel depending on whether the pixel belongs to the predetermined color region; and (d) cal- 
culating a local gain value for each of the pixels using the mean gain value calculated in (c1 ) and the saturation values 

35 calculated in (a) and adaptively adjusting the saturation of each of the pixels of the input image using the local gain 
value, the pattern gain value calculated in (c2), and the color gain value calculated in (c3). 

[0028] The present invention provides a method for adjusting the saturation of a color image, comprising: (a) calcu- 
lating a saturation value for each of pixels of an input iniage; (b) determining a peak saturation value of the input image 
based on saturation values calculated in (a); (c) calculating a peak gain value based on the peak saturation value 

40 determined in (b); (b1) calculating a mean saturation value of the input image using the saturation values calculated 
In (a); (c1) calculating a mean gain value based on the mean saturation value calculated in (b1); and (d) calculating a 
local gain value for each of the pixels using the mean gain value calculated in (c1 ) and the saturation values calculated 
in (a) and adaptively adjusting the saturation of each of the pixels of the input image using the local gain value and the 
peak gain value calculated in (c). 

45 [0029] The present invention provides a method for adjusting the saturation of a color image, comprising: (a) calcu- 
lating a saturation value for each of pixels of an input image; (b) determining a peak saturation value of the input image 
based on saturation values calculated in (a); (c) calculating a peak gain value based on the peak saturation value 
detemfiined in (b); (b1) calculating a mean saturation value of the input image using the saturation values calculated 
In (a); (c1) calculating a mean gain value based on the mean saturation value calculated in {b1); (c2) determining 

50 whether or not the input image is a predetermined pattern image and calculating a pattern gain value depending on 
whether the input image is detemiined as the predetermined pattern image; and (d) calculating a local gain value for 
each of the pixels using the mean gain value calculated in (c1 ) and the saturation values calculated in (a) and adaptively 
adjusting the saturation of each of the pixels of the input image using the local gain value, the peak gain value calculated 
in (c), and the pattem gain value calculated in (c2). 

55 [0030] The present invention provides a method for adjusting the saturation of a color image, comprising: (a) calcu- 
lating a saturation value for each of pixels of an input image; (b) determining a peak saturation value of the input image 
based on saturation values calculated in (a); (c) calculating a peak gain value based on the peak saturation value 
determined in (b); (b1) calculating a mean saturation value of the input image using the saturation values calculated 
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in (a), (c1) calculating a mean gain value based on the mean saturation value calculated in (b1)- (c3) deterfninina 
whether each of the pixels of the input image belongs to a predetemiined color region and cSa S fco^ qLin 
value for a pixel depending on whetherthe pixel belong to the predetermined color region, and drcalcuilinq a S 
gam value for each of the pixels using the mean gain value calculated in (c1 ) and the saturatio vies Satldt 
(a) and adapt|vely adjusting the saturation of each of the pixels of the input image using the loci ga n value tt peak 
gam value calculated in (c). and the color gain value calculated in (c3) ocai gam vaiue, tne peak 

A'tematively. the present invention provides a method for adjusting thesaturaf ion of a color image, comprising- 
(a) calculating a saturation value for each of pixels of an input image; (b) detemiining a peak saturation value oJ the 
input ,mage using saturation values calculated in (a); (c) calculating a peak gain value based on thTpeak saLri Sn 

lated in (a). (c1 ) calculating a mean gain value based on the mean saturation value calculated In (b1 )• (c2) detemiinina 
v^hether or not the input Image is a predetemiined pattern Image and calculating a pattern gain value dept^^^^^^ 

whethlr'^h '"^^a^^^f \^ predetermined color region and calculating a color gain value for a pixel depending on 
r.ino th ^ f '° predetermined color region; and (d) calculating a local gain value for each oMhe pixels 

s«Z T" f ?r'"^ '^^"'"''^ ^ ^^'"^^ <«) adaptively adjusting the 

sa uration of each of the pixels of the input image using the local gain value, the peak gain value calculated In o) the 
pattern gam value calculated in (c2), and the color gain value calculated in (c3) ca'cuiated in .(c), the 

[0032] The above objects and advantages of the present invention will become more apparent by describina in detail 
exemplary embodiments thereof with reference to the attached drawings in which: aescnbing in detail 

FIG. 1 shows a saturation adjusting apparatus according to an embodiment of the present invention; 

FIG. 2 shows a saturation histogram according to the present invention; 

FIG. 3 shows a gain function for a peak gain value according to the present invention; 

FIG. 4 shows a pattern gain function for a pattern gain value according to the present Invention; 

FIG. 5 shows gain functions for a color gain value according to the present invention; 

FIG. 6 shows other gain functions for the color gain value according to the present invention; 

FIG. 7 shows a saturation adjusting apparatus according to another embodiment of the present invention; 

FIG. 8 shows gain functions for a mean gain value and a local gain value according to the present invention; and 

FIG. 9 shows a saturation adjusting apparatus according to still another embodiment of the present invention. 

[mS 5 P^«s«"t w"' be described in detail with reference to the appended drawings 

?eftla to F.rr?hf "r'T'? "'^^"""^ '° embodiment of the present inventionTs shown in fS 1. 
Referring to FIG. 1 , the saturation adjusting apparatus includes a frame memory 110. a saturation calculator 120 a 

"° ^" '"P"^ ""^9^ "^^ saturation calculator 120 calculates a saturation 

value srx,y;for each of pixels stored in the frame memoir 110. The histogram calculator 130 cateulateJ a satu a ion 

calculated by the saturation calculator 120. The peak saturation calculator 140 detemiines a peak saturatTon value 
P^arva^e f ^Trrh"''*'?' "''"^T ^"'^ ^'^^ 9^'" ^«"="'-tor 150 calculates a 

rsr,r:u;r^^^^^^ 

J^!!l °* P'®^®"* invention will be described below with reference to FIGS 1 throuah 3 

[0037] After the input image signal Is stored In the frame memory 110, the saturation calculator 120 calculates a 

in rcaTcuTat f °' '"^'^ '^^"^ "^^"^^^ ^ ^ °- embodimeX satur^Sot^: 

in£'«n Rrp ' ^"'^ ^ below, Wherein equation 1 is applied to convert the pixel signal YCbCr 

into an RGB signal to comply wrth the specification of ITU-R BT.709-4. and equation 2 is applied to the RGB signal 
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(fl,G.e) = ( Y+a Cr. Y+b Cr+c Cb, Y+d Cb) 



(1) 



where a,b,c and d are conversion coefficients. 



s 



Max[R,G,B] - Mm{R,G,B\ 
Max {R,G,B^ + Min[R,G,B] 



or 



...(2) 



s 



Max[R,G,B] - Mm[R,G,B] 
Max[R,G,B] 



where S is a normalized saturation value between 0 and 1 . When hardware is designed to set the normalized saturation 
value S In an integer format of [0, 1 00], a histogram as shown In FIG. 2 can be obtained by accumulating the saturation 
values of all pixels. If Max [R,G,B] lor the nomialized saturation value S has a very small or very large value, S is not 
accumulated considering image noise. 

[0038] The peak saturation calculator 1 40 determines a saturation value of the pixels corresponding to 0.5% of the 
total number of pixels from the pixel having the largest saturation value, as the peak saturation value Spga^, from the 
histogram calculated by the histogram calculator 130, as shown in FIG. 2. Here, the limit of 0.5% was determined 
considering noises of the input image, and can be varied depending on noise levels. 

[0039] The peak gain calculator 150 detennlnes the peak gain value Qp^ak using the peak saturation value Sp^^/c 
determined by the peak saturation calculator 1 40 and a gain function of FIG. 3. According to the gain function of FIG. 
3, a peak gain value Qp^sk ^ ^ peak saturation value Sp^^f^ of 1 , linearly Increases as the peak saturation value 
^peak decreases from 1 to 0.5, and gradually linearly attenuates and converges to zero as the peak saturation value 
Spesi( decreases from 0.5 to 0. Therefore, the gain function of FIG. 3 is effective to reduce an extremely large gain for 
a gray input image. 

[0040] The final gain calculator 160 calculates the final gain g for the input image using the peak gain value Pp^aic 
calculated by the peak gain calculator 150, the system gain value g^^, and the user gain value g^J^f, as expressed In 
equation 3: 



[0041] The system gain value p^^/, controls degrees of the color image enhancement. When the system gain value 
9enh 0' there Is no Image enhancement effect. The Image quality is greatly enhanced with increasing system gain 
value g^rtfj more than 1 . A general system gain value default is a value between 0.5 and 1 and is determined through 
a visual test using a number of observers. 

[0042] The user gain value guse/^^ similar to a value set by the user on an existing color TV receiver using a saturation 
adjuster, which Is usually indicated by a "color button". When the user gain value fif^s^r 0, a gray Image Is displayed. 
The saturation of the Image is increased with increasing user gain value g^ser nnore than 1 . A general user gain value 
default Is 1 for standard color image display. 

[0043] The saturation adjuster 170 outputs a saturation -adjusted signal YCbCr^„^(x,y) by applying the final gain g 
calculated by the final gain calculator 160 to the original color signals Cb and Cr of each of the pixels, as expressed 
in equation 4: 



[0044] Through the saturation adjustment for all pixels of one frame in the above-described manner, color enhance- 
ment and equalization for the frame are complete. 

[0045] Although the gain function of FIG. 3 is used in the embodiment, a variety of gain functions having no discon- 
tinuity can be applied If necessary. 

[0046] Another embodiment of the present invention will be described below with reference to FIGS. 1 and 4. In this 
embodiment, the frame memory 110, the saturation calculator 120, the histogram calculator 130, the peak saturation 



9 = 9user * 0+9enh ' 9peak) 



(3) 



{Y,Cb,Cr)^„^(x,y) = {Y(x,yl g'Cb(x,y), g Crixy)) 



(4) 
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calculator 140, and the peak gain calculator 150 described in the previous embodiment provide the same functions as 
in the previous embodiment, and thus detailed descriptions thereon will be omitted here. 

[0047] The peak saturation calculator 1 40 determines the peak saturation value s^^^ from the histogram formed bv 
the histogram calculator 130, as shown in FIG. 2, and the peak gain calculator ISO calculates the peak gain value 
9peak "Sing the gain function of FIG. 3, 

10048] A pattern gain calculator 1 80 detects a test pattern image or a monotone image, for example an image of a 
bird flying in the sky or an image of sunset, and calculates a pattem gain value g. for the test pattern image or monotone 
image. Compared with a general natural image, apparently from their histogram, the test pattem image and the mon- 
otone image have relatively high frequency components. In consideration of this characteristic of the test pattem image 
and monotone image, the absolute value of a pixel count difference between adjacent saturation regions is calculated 

for the entire saturation histogram (i=1 N-1), and an average of the absolute values for all saturation regions is 

calculated as a P value, as expressed in equation 5: 



^=^|:i^(o-/'(/+i)i ...(5) 

where H(i) denotes the number of pixels in a saturation region /. The pattern gain value g. is calculated using a pattem 
gam function of FIG. 4 and the P value calculated by using equation 5. In the pattem gain function of FIG 4 Th, 
and Thuig^ vary depending on the normalization of the maximum count in the histogram. When the P value is smaller 
than 77)t„^ the input image corresponds to a general natural image (having a continuous histogram) When the P 
value IS greater than Thmgh (having a discrete histogram), the input image corresponds to a test pattem image Ac- 
cordingly, when the input image has a P value corresponding to a general natural image, the pattem gain value g is 
25 set to 1 . When the input image has a P value corresponding to a test pattern, the pattem gain value g„ is set to o'to 
bypass the saturation adjustment for the original input image. 

[0049] When the input image has a P value between Th^^ and Thmg^ the input Image corresponds to a monotone 
image. In this case, an excess increase in the saturation of the monotone image degrades picture quality Accordingly 
the pattern gam value g^ for such a monochrome image is reduced inversely with respect to the P value 
30 [0050] This pattem detection algorithm is resistant to noise and is simple in process, and thus can be practically 
applied with reliability. ' 
[0051] The final gain cateulator 160 calculates a final gain g for the input image using the peak gain value a ^ 
calculated by the peak gain calculator 1 50, the pattem gain value g^ calculated by the pattem gain calculator 1 80 'the 
system gam value g^^ and the user gain value as expressed In equation 6: 
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9 = 9user ■ C +9'enh • 9p • 9peak) (6) 

[0052] The saturation adjuster 170 outputs a saturation-adjusted signal YCbCr^„^(x.y) by applying the final gain g 
calculated by the final gain calculator 1 60 to the original color signals Cb and Cr of each of the pixels, which is calculated 
using equation 4 above. 

[0053] Through the saturation adjustment for all pixels of one frame in the above-described manner color enhance- 
ment and equalization for the frame are complete. ' 
[0054] Although the pattem gain function of FIG . 4 is used in the above embodiment, a variety of pattem gain functions 
having no discontinuity can be applied if necessary. 

[0055] Another embodiment of the present invention will be described below with reference to FIGS 1 5 and 6 In 
this embodiment, the frame memory 1 1 0, the saturation cateulator 1 20. the histogram calculator 1 30. the peak saturation 
calculator 140, and the peak gain calculator 1 50 shown in FIG. 1 and described In the previous embodiment provide 
the same functions as in the previous embodiment, and thus detailed descriptions thereon will be omitted here 
[0056] A color gain calculator 190 calculates a color gain value gs^^.y) depending on whether each pixel of the 
input image belongs to a skin color region. To detennine whether a pixel value input to the color gain calculator 190 
belongs to the skin color region, it is necessary to track the position of the skin color region in the YCbCr color space 
[0057] In the present Invention, a method using an ellipsokJal gain function and a logic "AND" combination method 
of gam functions for Y. Cb, Cr signals are suggested to determine whether the input pixel belongs to the skin color 
region. The two methods can be applied to any color space, for example, RGB, YUV. CIELAB, and CIELUV spaces 
[0058] In the method using a 3-D ellipsoidal gain function, as shown In (a) of FIG. 5. a mean color value (Ym Cbm 
Crm) of the skin color region is determined as the center coordinate of the ellipsoid, and race- or system-dependent 
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skin color variations of three axes of the ellipsoidal equation are determined as radii (Yr, Cbr, Crr) of the ellipsoid, which 
is expressed in equation 7 below: 



10 [0059] The color gain value g^f^Jx,y) for a given pixel Is derived using f(Y, Cb, Cr;calculated using equation 7 above. 

When f(Y, Cb, Cr) for the yCt>Crvalue of the given pixel is smaller than r, the pixel is determined to belong to the skin 

color region. Especially, a region of the ellipsoid with f(Y, Cb, Cr) = ris called "kernel gamut", as shown in (b) of FIG. 

5. When f(Y, Cb, Cr) for an input pixel is in the kernel gamut, the input pixel is determined to belong to the skin color 

region, and the color gain value gskini^^y) >s set to 0. 
15 [0060] When f(Y, Cb, Cr) for an input pixel is greater than 1 , the input pixel is determined not to belong to the skin 

color region. Especially, a region of the ellipsoid with f(Y, Cb, Cr) = r \s called "boudary gamut", as shown in (b) of FIG. 

5. For a pixel which is beyond the boundary gamut, the color gain value 9skin(^^y) is set to 1 . 

[0061] When f(Y, Cb, Cr) for an input pixel has a value between the kemel gamut and the boundary gamut, the color 
gain value 9skin(^>y) for the input pixel is set to (/( V, Cb, Cr) - r)/(1 -r), based on the linear graph between r and 1 providing 
20 continuity between the kernel gamut and the boundary gamut, as shown in (c) of FIG. 5, to consider skin color variations 
in a source image and to ensure continuity of color in the kernel gamut and the boundary gamut. 
[0062] In the other method to determine whether the input image belongs to the skin color region, a skin color gain 
function for each of the Y, Cb, and Cr signals is defined, as shown in (a), (b), and (c) of FIG. 6, and the three gain 
functions are combined by logic AND operation, which are expressed In equation 8 below: 

25 

Qskin ( Y,Cb,Cr) = 1 - [9^i„(Y) • g^i„ {Cb) -g^^^ (Cr)] (8) 

[0063] As an example, (d) of FIG. 6 shows the skin color gain function g^^j^ {Y,Cb,Ci) for Y=0.5 in the 3-D YCbCr 
30 color coordinate system. 

[0064] The color gain calculate r 1 90 calculates the color gain value 9skin(^fy) varying according to the color coordinate 
of the input pixel by using one of the above-described methods. 

[0065] The final gain calculator 190 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the peak gain value gpeak calculated by the peak gain calculator 
1 50, the color gain value gskinl^^y) calculated by the color gain calculator 1 90, the system gain value g^f^^ and the user 
gain value g^sen expressed in equation 9: 



5(x.y) = g^ser ' (1 ^9enh ' Qskin (^.X) ' 9peak) (9) 

[0066] The saturation adjuster 170 outputs a saturation-adjusted signal YCbCr^„fj(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 1 60 to the original color signals Cb and Cr of each of the pixels, as expressed 
in equation 10 below: 

( KC^?,C/)^^(x,y) = (y(x,y), p(x,y) .C/?(x,y), g(x,y) • Cr(x,y)) (10) 

[0067] Through the saturation adjustment for all pixels of one frame in the above-described manner, color enhance- 
ment and equalization for the frame are complete. 

[0068] Another embodiment of the present Invention will be described with reference to FIGS. 1 through 6. In this 
embodiment, the frame memory 110, the saturation calculator 120, the histogram calculator 130, the peak saturation 
calculator 1 40, the peak gain calculator 1 50, the pattern gain calculator 1 80, and the color gain calculator 1 90 shown 
in FIG. 1 and described in the previous embodiment provide the same functions as in the previous embodiment, and 
thus detailed descriptions thereon will be omitted here. 

[0069] The final gain calculator 160 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the peak gain value gpg^k calculated by the peak gain calculator 
1 50, the color gain value 9skm(^»y) calculated by the color gain calculator 1 90, the pattem gain value gp calculated by 
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10 



the pattern gain calculator 1 80, the system gain value 9^„^, and the user gain value g^^^ as expressed in equation 1 1 : 

9(Ky) = g^^^r ' (1 + 9enh • 9skln(^y) ' 9p * 9peak) (11) 

[0070] The saturation adjustor 1 70 outputs a saturation-adjusted signal YCbCr^^(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 1 60 to the original color signals Cb and Cr of each of the pixels, as expressed 
in equation 10 above. 

[0071] Another embodiment of the present Invention will be described with reference to FIGS. 2, 7, and 8. A frame 
memory 710, a saturation calcutor 720, and a histogram calculator 730 shown in FIG. 7 provide the same functions 
as In the previous embodiments described with reference to FIG. 1, and thus detailed descriptions thereon will be 
omitted here. 

[0072] A mean saturation calculator 742 calculates a mean saturation value s^^^^ from the histogram of FIG 2 
obtained by the histogram calculator 730. 

[0073] A mean gain calculator 752 calculates a mean gain value g^^^„ using the mean saturation value s^^^„ de- 
termined by the mean saturation calculator 742 and a gain function of (a) in FIG. 8. According to the gain function (a) 
of FIG. 8, when the mean saturation value s„^^^ of the input image is greater than or equal to 0.5, the mean gain value 
Pmean 's set to 0 to bypass processing on the original image. The mean gain value g^^„ is linearly Increased as the 
mean saturation value s^^^^ decreases from 0.5 to 0.25. The mean gain value g^^^„ is reduced for a gray image as 
^ the mean saturation value s^^g„ approaches 0 from 0.25. 

[0074] The final gain calculator 760 calculates a local gain value 9,ocai(x^y) ^or each pixel using the gain function (b) 
of FIG. 8 obtained from the mean gain value g„^^ and the saturation value S(Ky) for the corresponding pixel calculated 
by the saturation calculator 720. According to the gain function (b) of FIG. 8, the maximum value at the inflection point 
IS equal to the mean gain value g^^^^ calculated by the mean gain calculator 752. The gain value g,ocat(x.y) is reduced 
for a gray image as the saturation value S(x,y) of the pixel approaches 0 from the inflection point (r.p) 
[0075] As is apparent from the gain function (b) of FIG. 8, the gain value Pfoca for each of the pixels was deter- 
mined to be smaller for a pixel having a greater saturation value S(Ky), thereby reducing the need for gamut mapping 
In a conventional image process, which results in an unnatural image having abrupt color variations. 
[0076] For a rapid calculation of the gain value giocJx,y) for each of the pixels, It Is preferable to use an additional 
memory for storing the data calculated by the saturation calculator 720 as long as the system size is large enough for 
the amount of memory. 

[0077] The final gain calculator 760 calculates a final gain g(x,y) for the Input Image, which varies according to the 
color coordinate and saturation of the pixels, using the gain value giacaiM calculated by the final gain calculator 760, 
the system gain value g^„fj, and the user gain value gr^s^^ as expressed in equation 12: 



25 



30 



35 



9(Ky) = g^^, . (1 + . srto^;{x,y)) (12) 

[0078] The saturation adjustor 770 outputs a saturation-adjusted signal YCbCr^^^(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 1 60 to the original color signals Cband Crof each of the pixels, as expressed 
in equation 10 above. 

[0079] Although the gain functions (a) and (b) of FIG. 8 are used in the embodiment, a variety of gain functions having 
no discontinuity can be applied if necessary. 

[0080] Another embodiment of the present Invention will be described below with reference to FIGS. 4, 7, and 8. In 
this embodiment, the frame memory 710, the saturation calculator 720. the histogram calculator 730, the mean satu- 
ration calculator 742, the mean gain calculator 752, and the pattern gain calculator 780 provide the same functions as 
m the previous embodiments described with reference to FIGS. 1 and 7. and thus detailed descriptions thereon will be 
omitted here. 

[0081] The final gain calculator 760 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the gain value gioca^x.y) obtained with the mean gain value g^^ 
calculated by the mean gain calculator 762, the pattern gain value calculated by the gain pattern calculator 780, the 
system gain value g^„^, and the user gain value fif^^^ as expressed in equation 13: 

9(^^y) = 9user ' (1 ^9enh ' 9p ' 9iocaM) (1 3) 

[0082] The saturation adjustor 770 outputs a saturation-adjusted signal YCbCr^„^(x,y) by applying the final gain g 
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(x,y) calculated by the final gain calculator 1 60 to the original color signals Cdand Crof each of the pixels, as expressed 
In equation 10 above. 

[0083] Another embodiment of the present invention will be described below with reference to FIGS. 5, 6, 7, and 8. 
In this embodiment, the frame memory 710, the saturation calculator 720, the histogram calculator 730, the mean 
s saturation calculator 742, the mean gain calculator 752, and the color gain calculator 790 provide the same functions 
as those in the previous embodiments described with reference to FIGS. 1 and 7, and thus detailed descriptions thereon 
will be omitted here. 

[0084] The final gain calculator 760 calculates a final gain 9(x,y) for the input Image, which varies according to the 
color coordinate and saturation of the pixels, using the gain value 9iocaf(^'y) obtained with the mean gain value Qmean 
10 calculated by the mean gain calculator 752. the color gain value g^f^ijx,y) calculated by the color gain calculator 790, 
the system gain value g^^f^, and the user gain value g^j^^^ as expressed in equation 14: 



9iX,y) - g^ser • O-^donh ' Qskini^^V) ' 9iocaM) (14) 

[0085] The saturation adjuster 770 outputs a saturation-adjusted signal YCbCr^^^(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 760 to the original color signals Ciband Crof each of the pixels, as expressed 
in equation 10 above. 

[0086] Another embodiment of the present invention will be described below with reference to FIG. 7. In this embod- 
iment, the frame memory 710, the saturation calculator 720, the histogram calculator 730, the mean saturation calcu- 
lator 742, the mean gain calculator 752, the mean gain calculator 780, and the color gain calculator 790 provide the 
same functions as in the previous embodiments, and thus detailed descriptions thereon will be omitted here. 
[0087] The final gain calculator 760 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixel, using the gain value 9focai(^ry) obtained with the mean gain value g^e^n 
calculated by the mean gain calculator 752, the pattern gain value calculated by the pattern gain calculator 780. the 
color gain value ggkiJ^^V) calculated by the color gain calculator 790, the system gain value g^^^, and the user gain 
value g^Js^^ as expressed in equation 15: 



> 30 9Uy) = 9 user ' + 9enh * fi^sWn(^'y) * 9p ' Qtoceji^.y)) (15) 

[0088] The saturation adjuster 770 outputs a saturation-adjusted signal YCbCr^^^ix.y) by applying the final gain g 
(x,y) calculated by the final gain calculator 760 to the original color signals Cfeand Crof each of the pixels, as expressed 
in equation 10 above. 

^5 [0089] FIG. 9 shows a saturation adjusting apparatus according to another embodiment of the present invention. A 
frame memory 910, a saturation calculator 920, a histogram calculator 930, a peak saturation calculator 940, a peak 
gain calculator 950, a mean saturation calculator 942, ad a mean gain calculator 952 provide the same function as 
those in the previous embodiments described with reference to FIGS. 1 and 7, and thus detailed descriptions thereon 
will be omitted here. 

[0090] The final gain calculator 960 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the peak gain value gp^ak determined by the peak gain calculator 
950, the local gain value gfocai(^»y) obtained with the mean gain value 9mean calculated by the mean gain calculator 
952, the system gain value gr^^^, and the user gain value Py^^^ as expressed in equation 16: 

45 

^(X.y) = 9user • C +9enh " (9peak + 9focaf(^>y))) (16) 

[0091] The saturation adjuster 970 outputs a saturation -adjusted signal YCbCr^„fj(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 760 to the original color signals Cdand Crof each of the pixels, as expressed 
^ in equation 10 above. 

[0092] Another embodiment of the present invention will be described below with reference to FIG. 9. In this embod- 
iment, the frame memory 91 0, the saturation calculator 920, the histogram calculator 930, the peak saturation calculator 
940, the peak gain calculator 950, the mean saturation calculator 942, the mean gain calculator 952, and the pattern 
gain calculator 980 provide the same functions as In the previous embodiments described with reference to FIGS 1 
and 7. 

[0093] The final gain calculator 960 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the peak gain value 9peak determined by the peak gain calculator 
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950, the local gain value giocafi^'V) obtained with the mean gain value gf^^ean calculated by the mean gain calculator 
952, the gain pattern value calculated by the pattern gain calculator 980, the system gain value p^nfr "s®'' 
gain value Qusen expressed in equation 17: 

5 

flf{>f.y) = Quser ' +^«n/i * 9p ' {9peak + P/ocaA^^y))) C 7) 

[0094] The saturation adjuster 970 outputs a saturation -adjusted signal YCbCr^^^(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 760 to the original color signals Cdand Crof each of the pixels, as expressed 
in equation 10 above. 

[0095] Another embodiment of the present invention will be described below with reference to FIG. 9. In this embod- 
iment, the frame memory 910, the saturation calculator 920, the histogram calculator 930, the peak saturation calculator 
940, the peak gain calculator 950, the mean saturation calculator 942, the average gain calculator 952, and the color 
gain calculator 990 provide the same functions as In the previous embodiments described with reference to FIGS. 1 
'5 and 7. 

[0096] The final gain calculator 960 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the peak gain value gpeak determined by the peak gain calculator 
950, the local gain value giocaf^^Y) obtained with the mean gain value g^ean calculated by the mean gain calculator 
952, the color gain value g^i^iJx,y) calculated by the color gain calculator 990, the system gain value g^^^ and the user 
20 gain value Qusen expressed in equation 18: 

g(X,y) = g^ser ' (^+9enh * W^'^) * ( W ^/ocaA^.y))) (18) 

[0097] The saturation adjustor 970 outputs a saturation-adjusted signal YCbCr^„fj(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 760 to the original color signals Cdand Crof each of the pixels, as expressed 
in equation 10 above. 

[0098] Another embodiment of the present invention will be described below with reference to FIG. 9. In this embod- 
iment, the frame memory 91 0, the saturation calculator 920, the histogram calculator 930, the peak saturation calculator 
940, the peak gain calculator 950, the mean saturation calculator 942, the mean gain calculator 952, the pattern gain 
calculator 980, and the color gain calculator 990 provide the same functions as in the previous embodiments described 
with reference to FIGS. 1 and 7, and thus detailed descriptions thereon will be omitted here. 

[0099] The final gain calculator 960 calculates a final gain g(x,y) for the input image, which varies according to the 
color coordinate and saturation of the pixels, using the peak gain value gp^ak determined by the peak gain calculator 
950, the local gain value gioca^^^) obtained with the mean gain value g^neo^ calculated by the mean gain calculator 
952, the color gain value gskin(^,y) calculated by the color gain calculator 990, the pattem gain value gp calculated by 
the pattern gain calculator 980, the system gain value Qenh* ^^e user gain value gusen expressed in equation 1 9: 

9(Xsy) - guser ' (^ + 9enh ' 9p ' 9skini^'y) ' (9peak + 9iocafix,y))) (1 9) 

[0100] The saturation adjustor 970 outputs a saturation -adjusted signal YCbCr^„fj(x,y) by applying the final gain g 
(x,y) calculated by the final gain calculator 760 to the original color signals Cb and Crof each of the pixels, as expressed 
in equation 1 0 above. 

[0101] As described above, according to the present invention, the saturation of an output image can be adaptively 
adjusted using information extracted from an input image, thereby enhancing the quality of the image. 
[0102] In particular, peak saturation and mean saturation values of the input image are detected and used to correct 
for the saturation of the input image. When the input image is a quality, high-saturation image, processing on the Input 
image is bypassed. When the input image has a low saturation value, the saturation of, for example, the entire image 
or a particular color region of the image can be increased for quality enhancement. Also, saturation variations between 
frames of a moving picture displayed on hardware, which may occur during data transmission, or between TV channels, 
can be automatically equalized to maintain a constant saturation level. 

[0103] In addition, the saturation adjusting apparatus according to the present detects a test pattern image to bypass 
saturation adjustment on the test pattern image invention, and thus to control the quality of the test pattem image 
displayed on a display apparatus. It is also determined weather an input pixel belongs to a skin color region, and the 
saturation adjustment is performed only on the other color region, such as a background image, to suppress an excess 
Increase in the saturation of the skin color 
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[0104] A gain value obtained from the input image information is applied only to the color signals Cb and Cr of the 
image to selectively adjust the saturation of the Input image while the brightness of the input image is maintained. 
Since the gain value Is calculated in consideration of the saturation value of each pixel, an unnecessary gamut-mappint 
block can be eliminated to prevent saturation distortion and to construct simple system hardware. A gain value for a 
gray image Is adaptlvely reduced to maintain gray-balance. 



Claims 

10 1 . An apparatus for adjusting the saturation of a color image, comprising: 

a saturation calculator (120, 920) which calculates a saturation value for each of pixels of an Input Image; 
a peak saturation calculator (140,940) which determines a peak saturation value of the Input image using 
saturation values calculated by the saturation calculator; 

a peak gain calculator (150, 950) which calculates a peak gain value based on the peak saturation value 
determined by the peak saturation calculator; and 

a saturation adjustor (1 70, 970) which adaptlvely adjusts the saturation of the Input Image using the peak gain 
value calculated by the peak gain calculator. 

20 2. The apparatus of claim 1 , further comprising a histogram calculator (130, 930) which calculates a saturation his- 
togram of the input image using the saturation values calculated by the saturation calculator, wherein the peak 
saturation calculator detemnlnes the peak saturation value from the saturation histogram calculated by the histo- 
gram calculator. 

25 3. The apparatus of claim 1 or 2, wherein the saturation calculator converts an input image signal into an RGB signal 
and calculates the saturation for each of the pixels as a ratio of the difference between maximum and minimum 
values of the RGB signal to the sum of the maximum and minimum values of the RGB signal. 

4. The apparatus of claim 3, wherein the Input Image signal Input to the saturation calculator Is one of YCbCr, YUV, 
30 and YIQ signals. 

5. The apparatus of claim 3 or 4, wherein when the maximum value of the RGB signal for the Input Image signal 
processed by the saturation calculator Is less than a predetemnlned value or Is greater than or equal to another 
predetennined value, the maximum value of the Input Image signal Is not accumulated to calculate the saturation 

35 histogram. 



6. The apparatus of any of claims 1 to 5, further comprising: 



a mean saturation calculator (942) which calculates a mean saturation value of the Input Image using the 
saturation values calculated by the saturation calculator; and 

a mean gain calculator (952) which calculates a mean gain value based on the mean saturation value calcu- 
lated by the mean saturation calculator, 

wherein the saturation adjustor calculates a local gain value for each of the pixels using the mean gain value 
calculated by the mean gain calculator and the saturation values calculated by the saturation calculator and adap- 
tlvely adjusts the saturation of each of the pixels of the Input Image using the local gain value and the peak gain 
value. 

7. The apparatus of any of claims 1 to 6, wherein the peak gain calculator calculates a peak gain value for a peak 
50 saturation value smaller than or equal to a first saturation value and for a peak gain value greater than or equal to 

a second saturation value, wherein the second saturation value is greater than the first saturation value, to be 
smaller than that for a peak saturation value between the first and second saturation values. 

8. The apparatus of any of claims 1 to 7, wherein the peak saturation calculator determines a saturation value of the 
55 pixels corresponding to a predetermined percentage of the total number of pixels from the pixel having the largest 

saturation value, as the peak saturation value. 

9. The applaratus of any of claims 1 to 8, wherein the saturation adjustor adaptlvely adjusts the saturation of the Input 
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image further In consideration of at least one of a system gain value and a user gain value. 

10. The apparatus of any of claims 1 to 9, further comprising: 

5 a pattern gain calculator (1 80, 980) which detemriines whether or not the input image is a predetemnined pattern 

image and calculates a pattern gain value for the predetermined pattem image depending on whether the 
input image is detemiined as the predetermined pattern image, 

wherein the saturation adjuster adjusts the saturation of the Input image using additionally the pattern gain value 
10 calculated by the pattern gain calculator. 

11. The apparatus of claim 1 0, wherein the predetemnined pattern image is a test pattern image. 

12. The apparatus of claim 10 or 11, wherein the pattern gain calculator calculates the absolute value of a pixel count 
15 difference between adjacent saturation regions and an average of the calculated absolute values for all saturation 

regions of the input image and calculates the pattem gain value using the calculated average of the absolute values. 

13. The apparatus of any of claims 1 to 12, further comprising: 

a color gain calculator (1 90, 990) which determines whether each of the pixels of the input image belongs to 
a predetermined color region and calculates a color gain value for a pixel depending on whether the pixel 
belongs to the predetemiined color region, 

wherein the saturation adjuster adaptively adjusts the saturation for each of the pixels of the input image using the 
25 peak gain value calculated by the peak gain calculator and the color gain value calculated by the color gain cal- 

culator. 

14. The apparatus of claim 13, wherein the saturation adjuster adaptively adjusts the saturation for each of the pixels 
of the input image further in consideration of the pattem gain value. 

30 

15. The apparatus of claim 13 or 14, wherein the pattern gain calculator determines the input image as the predeter- 
mined pattem image If the average of the absolute values is greater than a first threshold, detemriines the input 
image as a natural image if the average of the absolute values is smaller than a second threshold, and outputs 
the pattern gain value corresponding to the input Image. 

16. The apparatus of any of claims 13 to 15, wherein the predetemriined color region is a skin color region. 

17. The apparatus of any of claims 1 3 to 1 6, wherein the color gain calculator determines whether or not an input pixel 
belongs to the skin color region by using a 3-dimensional ellipsoidal equation having a mean color value of the 

40 skin color region as the center coordinate of the ellipsoid and race- or system-dependent skin color variations as 

radii of three axes of the ellipsoid and outputs the color gain value according to the result of the determination. 

18. The apparatus of any of claims 13 to 17, wherein the color gain calculator detennines whether an input pixel 
belongs to the predetermined color region by using gain functions for Y, Cb, and Cr values of the input pixel and 

45 calculates a color gain value for a YCbCr value of the input pixel. 

19. The apparatus of any of claims 13 to 18, wherein the mean gain calculator calculates a mean gain value for a 
mean saturation value smaller than or equal to a first saturation value and for a mean saturation value greater 
than or equal to a second saturation value, wherein the second saturation value is greater than the first saturation 

50 value, to be smaller than that for a mean saturation value between the first and second saturation values. 

20. The apparatus of any of claims 1 3 to 1 9, wherein the saturation adjuster calculates a local gain value for a saturation 
value smaller than or equal to a first saturation value and for a saturation value greater than or equal to a second 
saturation value, wherein the second saturation value is greater than the first saturation value, to be smaller than 

55 that for a saturation value between the first and second saturation values. 

21 . The apparatus of any of claims 13 to 20, wherein the histogram calculator selectively calculates a saturation his- 
togram for the entire frame of the input Image or a saturation histogram for pixels in a predetermined window region 
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of the input image. 

22. An apparatus for adjusting the saturation of a color image, comprising: 

5 a saturation calculator (120, 920) which calculates a saturation value for each of pixels of an input Image; 

a mean saturation calculator (942) which calculates a mean saturation value of the input image using saturation 
values calculated by the saturation calculator; a mean gain calculator (952) which calculates a mean gain 
value based on the mean saturation value calculated by the mean saturation calculator; and 
a saturation adjuster (1 70, 970) which calculates a local gain value for each of the pixels using the mean gain 

^0 value calculated by the mean gain calculator and the saturation values calculated by the saturation calculator 

and 

adaptively adjusts the saturation of each of the pixels of the input image using the local gain value. 

23. The apparatus of claim 22, further comprising a histogram calculator (130, 930) which calculates a saturation 
IS histogram of the input image using the saturation values calculated by the saturation calculator, wherein the mean 

saturation calculator calculate the mean saturation value from the saturation histogram calculated by the histogram 
calculator. 

24. The apparatus of claim 22 or 23, wherein the saturation calculator converts an input image signal into an RGB 
20 signal and calculates the saturation for each of the pixels as a ratio of the difference between maximum and 

minimum values of the RGB signal to the sum of the maximum and minimum values of the RGB signal. 

25. The apparatus of any of claims 22 to 24, wherein the mean gain calculator calculates a mean gain value for a 
mean saturation value smaller than or equal to a first saturation value and for a mean saturation value greater 

25 than or equal to a second saturation value, wherein the second saturation value is greater than the first saturation 

value, to be smaller than that for a mean saturation value between the first and second saturation values. 

26. The apparatus of any of claims 22 to 25, wherein the saturation adjuster calculates a local gain valuefor a saturation 
value smaller than or equal to a first saturation value and for a saturation value greater than or equal to a second 

30 saturation value, wherein the second saturation value is greater than the first saturation value, to be smaller than 

that for a saturation value between the first and second saturation values. 

27. The apparatus of any of claims 22 to 26, wherein the saturation adjuster adaptively adjusts the saturation of the 
input image further in consideration of at least one of a system gain value and a user gain value. 

35 

28. The apparatus of any of claims 22 to 27, wherein the input image signal input to the saturation calculator is one 
of YCbCr, YUV, and YIQ signals. 

29. The apparatus of any of claims 22 to 28, wherein when the maximum value of the RGB signal for the input Image 
40 signal processed by the saturation calculator is less than a predetermined value or is greater than or equal to 

another predetemiined value, the maximum value of the input image signal Is not accumulated to calculate the 
saturation histogram. 

30. The apparatus of any of claims 22 to 29, further comprising 

45 

a pattern gain calculator (1 80, 980) which determines whether or not the input image is a predetermined pattern 
image and calculates a pattern gain value depending on whether the input image is determined as the prede- 
temiined pattern image, 

wherein the saturation adjuster adaptively adjusts the saturation of each of the pixels of the input image using 
50 additionally the pattern gain value calculated by the pattern gain calculator. 

31 . The apparatus of claim 30, wherein the predetemnined pattern image is a test pattern image. 

32. The apparatus of claim 30 or 31 , wherein the pattern gain calculator calculates the absolute value of a pixel count 
55 difference between adjacent saturation regions and an average of the absolute values for all saturation regions of 

the input image and calculates the pattern gain value using the average of the absolute values. 

33. The apparatus of any of claims 30 to 32, wherein the mean gain calculator calculates a mean gain value for a 
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mean saturation value smaller than or equal to a first saturation value and for a mean saturation value greater 
than or equal to a second saturation value, wherein the second saturation value is greater than the first saturation 
value, to be smaller than that for a mean saturation value between the first and second saturation values. 

34. The apparatus of any of claims 22 to 33, further comprising: 

a color gain calculator (190,990) which determines whether each of the pixels of the input Image belongs to 
a predetermined color region and calculates a color gain value for a pixel depending on whether the pixel 
belongs to the predetermined color region, 

wherein the saturation adjustor adaptively adjusts the saturation of each of the pixels of the input Image using 
additionally the color gain value calculated by the color gain calculator. 

35. The apparatus of claim 34, wherein the pattern gain calculator determines the input image as the predetermined 
pattern image if the average of the absolute values is greater than a first threshold, detemilnes the input image 
as a natural Image if the average of the absolute values Is smaller than a second threshold, and outputs the pattern 
gain value corresponding to the input image. 

36. The apparatus of claim 34 or 35, wherein the predetennined color region is a skin color region. 

37. The apparatus of any of claims 34 to 36, wherein the color gain calculator determines whether or not an input pixel 
belongs to the skin color region by using a 3-dlmensional ellipsoidal equation having a mean color value of the 
skin color region as the center coordinate of the ellipsoid and race- or system-dependent skin color variations as 
radii of three axes of the ellipsoid and outputs the color gain value according to the result of the determination. 

38. The apparatus of any of claims 34 to 37, wherein the color gain calculator determines whether an Input pixel 
belongs to the predetermined color region by using gain functions for Y, Cb, and Cr values of the input pixel and 
calculates a color gain value for a YCbCr value of the input pixel, 

30 39. The apparatus of any of claims 34 to 38, wherein the largest value among the local gain values for the pixels Is 
equal to the mean gain value calculated by the mean gain calculator. 

40. The apparatus of any of claims 34 to 39, wherein the histogram calculator selectively calculates a saturation his- 
togram for the entire frame of the input image or a saturation histogram for pixels in a predetermined window region 

35 of the input image. 

41 . The apparatus of any of claims 22 to 40, further comprising: 

a peak saturation calculator (140, 940) which determines a peak saturation value of the input image using 
saturation values calculated by the saturation calculator; 

a peak gain calculator (150, 950) which calculates a peak gain value based on the peak saturation value 
determined by the peak saturation calculator; 

wherein the saturation adjustor calculates the local gain value for each of the pixels using additionally the saturation 
values calculated by the saturation calculator and adaptively adjusts the saturation of each of the pixels of the 
input Image using additionally the peak gain value calculated by the peak gain calculator 

42. A display comprising the apparatus of any of claims 1 to 41 . 

43. A digital TV comprising the display of claim 42. 

44. A digital camera comprising the display of claim 42. 

45. A camcorder comprising the display of claim 42. 

46. An image processor comprising the apparatus of any of claims 1 to 41 . 

47. A method for adjusting the saturation of a color image, comprising: 
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(a) calculating a saturation value for each of pixels of an input image; 

(b) determining a peak saturation value of the input image based on saturation values calculated in (a); 

(c) calculating a peak gain value based on the peak saturation value determined in (b); and 

(d) adaptively adjusting the saturation of the input image using the peak gain value calculated in (c). 

5 

48. The method of claim 47, further comprising: 

(b1 ) calculating a mean saturation value of the input image using the saturation values calculated in (a); and 
(c1) calculates a mean gain value based on the mean saturation value calculated in (b1 ), 

10 

wherein in (d), a local gain value for each of the pixels is calculated using the mean gain value calculated in (c1) 
and the saturation values calculated In (a), and the saturation of each of the pixels of the input image is adaptively 
adjusted further in consideration of the local gain value. 

IS 49. The method of claim 47 or 48, further comprising: 

(c2) determining whether or not the input image is a predetermined pattern image and calculating a pattern 
gain value depending on whether the input image is detennined as the predetemriined pattem image, 

20 wherein in step (d) additionally the pattern gain value determined in (c2) is used for adaptively adjusting the sat- 

uration of the input image. 

50. The method of any of claims 47 to 49, further comprising: 

^5 (c3) detemiining whether each of the pixels of the input image belongs to a predetermined color region and 

calculating a color gain value for a pixel depending on whether the pixel belongs to the predetemriined color 
region, 

wherein in step (d) additionally the color gain value calculated in (c3) is used for adaptively adjusting the saturation 

30 of the Input image. 

51 . A method for adjusting the saturation of a color image, comprising: 

(a) calculating a saturation value for each of pixels of an Input image; 
55 (b1) calculating a mean saturation value of the input image using saturation values calculated in (a); 

(c1) calculating a mean gain value based on the mean saturation value calculated in {b1); and 
(d) calculating a local gain value for each of the pixels using the mean gain value calculated in (c1 ) and the 
saturation values calculated in (a) and adaptively adjusting the saturation of each of the pixels of the input 
image using the local gain value. 

40 

52- The method of claim 51 , further comprising: 

(c1) calculating a mean gain value based on the mean saturation value calculated in (b1); and 
(c2) determining whether or not the Input image is a predetermined pattem image and calculating a pattern 
^5 gain value depending on whether the input image is detemnined as the predetemiined pattem image, 

wherein in step (d) additionally the pattem gain value calculated in (c2) is used for adaptively adjusting the satu- 
ration of each of the pixels of the input image, 

50 53. The method of claim 51 or 52, further comprising: 

(c3) determining whether each of the pixels of the input image belongs to a predetermined color region and 
calculating a color gain value for a pixel depending on whether the pixel belongs to the predetermined color 
region, 

55 

wherein in step (d) additionally the color gain value calculated in (c3) is used for adaptively adjusting the saturation 
of each of the pixels of the input image. 
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